1. A procedure for the isolation and purification of the heparin-protein complex from ox liver capsule, based on the solubility properties of mucopolysaccharidecetylpyridinium complexes, is described. 2. The yield of the heparin-protein complex with this method averages 35mg./100g. of dry ox liver capsule. 3 . The results of analyses on the polysaccharide show good agreement with values previously published for purified heparin fractions. 4 . The amino acid analysis of the protein component shows several similarities to that of chondromucoprotein. 5. The results of f-carbonyl elimination, either with or without catalytic hydrogenation, and column chromatography after ,-elimination, show that the polysaccharide is covalently bound to the protein.
Although the glycosaminoglycan-protein complex containing chondroitin 4-sulphate has been extensively characterized (Shatton & Schubert, 1954; Mathews & Lozaityte, 1958) and other complexes having chondroitin 6-sulphate (Buddecke & Schubert, 1961; Mathews, 1962) and hyasluronic acid (Ogston & Sherrman, 1958; Pigman, Rizvi & Holley, 1961; Sandson & Hamerman, 1962) as the polysaccharide moieties have been studied, the situation with regard to native heparin-protein complexes has yet to be clarified. Green, Day & Roberts (1961) reported the presence of ninhydrin-sensitive spots in paper chromatograms of heparin hydrolysates and postulated the presence of amino acids covalently bound to the carbohydrate. These results were confirned by Lindahl, Cifonelli, Lindahl & Rod6n (1965) , who demonstrated the presence of peptides bound to heparin in preparations isolated by using either proteolytic enzymes or alkali. Lindahl & Rod6n (1965) also proved that the two moieties are covalently bound through a xylosylserine linkage and suggested the existence of a native heparin-protein complex. Korn (1959) , however, found no evidence for such covalent complexes in his study of heparin isolated from mast-cell tumours.
Serafini-Fracassini & Durward (1968) outlined a method of extraction of the heparin-protein complex from ox liver capsule, and a preliminary chemical characterization of the complex was given.
The present paper reports a detailed chemical analysis together with the results of fi-carbonyl elimination.
MATERIALS AND METHODS
Isolation and purificaion of the heparin-protein complex of ox liver capeule. The capsule, stripped free from liver tissue, was defatted in acetone, dried and powdered. Portions (20g.) of this material were each extracted in a blender with 400ml. ofa 1% (w/v) solution ofcetylpyridinium chloride in 2x-KCI at 500 for lhr. After centrifugation at 38090g0V for 1 hr. at 400, the clear supernantant was diluted to give a final concentration of 09x-KCl. The fine precipitate that gradually formed at room temperature during 4hr. was collected by filtration on a cellulose filter pad, the filtrate being discarded. The pad was eluted with 100ml. of 2 x-KCI, at 40°, and the cetylpyridinium chloride dissociated from the complex and removed by shaking with 3vol. of chloroform-pentan-l-ol (5:4, vlv) (Scott, 1960) Jaques (1943) as modified by Sharp, Excell, Salzman & Thorup (1961 McLean, 1943) under N2 in sealed tubes. Excess of acid was neutralized and total hexosamine was determined by the method of Cessi & Piliego (1960) . The concentrations of glucosamine and galactosamine were determined after chromatographic separation (Partridge & Elsden, 1961) .
Quantitative determination of uronic acid was performed by the method ofBitter & Muir (1962) .
Xylose was determined by the anthrone method of Tsiganos & Muir (1966) .
The sulphur content was determined by the method of Giellman & Tdlg (1960 concentrations in 0-O1M-HCI; 0-25M increments in NaCl concentration were used. Fractions (2ml.) were collected and tested for polysaccharide content by using a 1% (w/v) solution of cetylpyridinium chloride (Scott, 1960 The results of all quantitative analyses on the complex are summarized in Table 2 .
The amino acid compositions of the two samples subjected to alkaline treatment either with or without catalytic hydrogenation are shown in Table 3 , where they are compared with the corresponding hydrolysate of the untreated material.
Owing to the superimposition of glucosamine and oc-aminobutyric acid peaks, precise identification of the latter in the hydrolysate of the material sub- Perhaps the most significant previous attempt to isolate the native heparin-protein complex is that of Jul6n, Snellman & Sylv6n (1950) . In the supernatant of a phosphate-buffer extract of ox liver capsule, after centrifugation at 60000g, protein and lipid, in addition to heparin, were detected. From these findings Jul6n et at. (1950) concluded that the native heparin-protein complex exists in a lipoprotein form. However, the protein component was dissociated from the complex and precipitated by saturation with phosphate ions (Snelhnan, Sylv6n & Jul6n, 1951) , indicating the absence of covalent linkage. We therefore consider, in agreement with Kom (1959) , that this complex is a methodological artifact, due to the established affinity of heparin for lipoproteins (Bernfeld, Donahue & Berkowitz, 1957) .
The isolation procedure described in this paper has the advantage, over those currently employed for the extraction of heparin, that it does not involve the use of either alkali or enzymes causing degradation or modification of both protein and polysaccharide components. There is a possibility, however, that during the initial manipulation of the capsule material some degradation of the heparinprotein complex could occur, due to the presence of trypsin-and chymotrypsin-like proteases that are known to be present in mast cells (Benditt & Arase, 1959; Lagunoff & Benditt, 1963) . But, since trypsin is known to be inhibited by low concentrations of soaps (Peck, 1942) , and the stability of both enzymes is temperature-dependent, especially at neutral pH (Anson & Mirsky, 1934; Eisenberg & Schwert, 1951) , it is considered that the combination of a high concentration of detergent and potassium chloride, at a temperature of 500, which is used in the extraction procedure, would prevent hydrolytic damage of the complex.
It is known that heparin has the property of binding to collagen (Serafini-Fracassini, 1967) , lipids (Bernfeld et al. 1957 ) and other materials (Korn, 1959) . In this study this was prevented by the use of cetylpyridinium chloride, which effectively blocks the sulphate groups on the polysaccharide without decreasing its solubility, if in the presence of 2M-potassium chloride (Scott, 1960 (Lindahl & Rod6n, 1965) . In view of the overall similarity of the protein moieties of the complexes of heparin and chondroitin 4-sulphate (Serafini-Fracassini, Peters & Floreani, 1967) , a comparison of their amino acid composition is of interest. In both cases, proline, glycine and glutamic acid are the most frequent residues. On the other hand, the serine concentration is decreased in the heparin-protein complex and becomes equimolar with those of threonine and valine. Many of the other amino acids show slight variations between the two complexes, the major differences being the exceptionally low tyrosine content and the appreciable cysteine or cystine content of the heparin-protein complex. The presence of the latter amino acids suggests that the a protein moiety of the complex could play some structural role in the organization of the mast-cell granules.
The recovered polysaccharide constitutes approx. 82% of the complex and contains 18.1% hexosamine, 33-9% hexuronic acid and 10-9% sulphur.
These values are in close agreement with the analyses of purified heparin fractions reported by Lindahl et al. (1965) . It has been generally accepted that heparin gives high colour yields in the carbazole reaction, but Perlin, Mazurek, Jaques & Kavanagh (1968) suggested, from the results of proton-magnetic-resonance studies on commercial heparin preparations, that the polysaccharide may be composed of three sugar moieties, namely L-iduronic acid, glucuronic acid and glucosamine in approximately equimolar proportions. If this is the case, the values reported in Table 2 for hexuronic acid would be absolute and the sum of all analytical values for the complex would be correct. The high sulphur content of our preparation indicates that the polysaccharide undergoes very little, if any, modification during the extraction procedure.
A further proof of the covalent nature of the complex was obtained by demonstrating that during ,B-carbonyl elimination the glycosaminoglycan is cleaved from the protein moiety, as shown by the results of chromatography on AE-cellulose. Moreover, a comparison of the amino acid analyses reported in Table 3 , columns (A) and (B), reveals that, during ,B-carbonyl elimination with 0-5M-sodium hydroxide alone, only the threonine content is significantly diminished (by 19-1%) . When the material is subjected to ,B-elimination and hydrogenation in the presence of Adams catalyst (Table 3 , column C), many other component amino acids are destroyed to an appreciable extent. In view of the chemical similarity of threonine and serine on the one hand, and glycine, alanine, leucine, isoleucine and valine on the other, it would be expected that each of these two groups, under identical conditions, would be degraded in similar proportions. However, in fact, the threonine content is more drastically decreased (33.8%) than that of serine (5-7%), and the destruction of glycine is only 12.9%, whereas that of alanine, leucine, isoleucine and valine averages 28-0%. Threonine therefore suffers a great deal more destruction than would be expected from catalytic hydrogenation alone, whereas glycine shows a relative increase in proportion to its related compounds. Further, ac-aminobutyric acid was detected in the hydrolysate of the treated material. These results suggest the conversion of threonine into glycine and x-aminobutyric acid, and such a conversion would be in keeping with the ,-elimination mechanism for threonine involved in an O-glycosidic linkage (Adams, 1965; Seno, Meyer, Anderson & Hoffman, 1965) . Lindahl & Rod6n (1965) , from their study of commercial heparin preparations isolated mainly from pig tissues by using either alkali or proteolytic enzymes, concluded that serine is involved in the heparin proteoglycan linkage. Although our results appear to-be completely at variance. with these earlier findings, it is important to point out that the complex examined in this paper was isolated, by a different procedure, from a different tissue and animal species.
The anticoagulant activity of the complex is appreciably lower than that of commercial heparin preparations of similar sulphur content. However, it is recognized that other molecular features such as size and shape of the-polysaccharide influence its biological properties (Jensen, Snellman & Sylv6n, 1948; Laurent, 1961; Stivala & Liberti, 1967) . Since the heparin chains, once arranged in a macromolecular complex with protein, presumably change their conformation, it is impossible, at the present time, to correlate the chemical composition of the heparin-protein complex and its anticoagulant activity.
